Resumo
INTRODUCTION
Tectona grandis Linn F. is the exotic forest species that is standing out in the market due to its high quality wood: it does not bend easily, is resistant to forest fires and attacks by termites and other xylophagous insects (PARK et al., 2016) . It has a natural occurrence in deciduous forests of India, Myanmar, North Thailand and Laos, presenting a market value superior to Brazilian mahogany, which can reach US $ 3,000.00 per cubic meter sawed (KOLLERT, KLEINE, 2017) . In Brazil, commercial plantings of T. grandis have increased steadily in recent years, reaching 87,502 thousand hectares in 2016. It represents an increase of 25% when compared to the year of 2010, according to the Brazilian Tree Industry (IBA, 2017) .
The seedlings of T. grandis (high genetic variability) have slow and irregular germination due to mechanical numbness, leading to an initial development in heterogeneous field (FERREIRA et al., 2016) , which may reflect negatively on seedlings productivity and silvicultural treatments. In turn, these limitations can be minimized through vegetative propagation techniques. Whence, they consist of producing from selected genotypes, seedlings with economically desired characteristics and can be applied, in addition, to any individual that does not produce fertile seeds, either because they have not entered the mature stage yet or as a result of unfavorable environmental conditions (PARK et al., 2016) . 470 FLORESTA, Curitiba, PR, v. 49, n. 3, jul The micropropagation in T. grandis has already been described by some authors (FERNANDES et al., 2013; TAMBARUSSI et al., 2017) . These studies show that the rooting performed in vitro produces the most fragile roots, which after transferring the seedlings to an ex vitro environment, they do not survive, increasing, then, production costs (FERRI et al., 1998) . While the minicutting technique aims to increase productivity, reduce genetic variability, it has a low production cost, lower concentrations of plant regulator, reduced rooting time and greater survival in the acclimation phase of the seedlings (XAVIER et al., 2013; WENDLING, et al., 2014) .
Among the factors that interfere in the quality of the vegetative propagules, the radicial force has direct interference, acting on the physiological vigor and quality of seedlings produced asexually. However, there are some ways that can maximize the rooting of vegetative propagules, being the phytorregulator, indolebutyric acid (IBA), the one which helps to promote adventitious roots, due to its lower mobility and greater chemical stability inside the minicut (HARTMANN et al., 2011; XAVIER et al., 2013) . Its concentration may vary according to species, clone, maturation status, type of stake, environmental conditions, form and time of application (XAVIER et al., 2013) .
For T. grandis, there are some authors who report the use of IBA in the rooting of minicuttings, nonetheless, there are differences as to the necessity of its application, as demonstrated by Badilla et al. (2016) . In order to do so, one must take into account the juvenile degree of the vegetative material, the age of the ministumps, the genetic material differences and the environmental conditions (HARTMANN et al., 2011) .
Although studies have demonstrated the influence of IBA on the rooting of minicuttings of T. grandis, there are no studies in the literature that evaluate their relation with the quality of the formed seedling, as observed to other forest species, such as: Theobroma cacao L. (SANTOS JÚNIOR et al., 2008) ; Cariniana estrellensis (Raddi) Kuntze) (GATTI et al., 2011) , and Handroanthus heptaphyllus Mattos (OLIVEIRA et al., 2015) .
Therefore, it is necessary to verify the influence of the IBA on root vigor and on the quality of the seedling of T. grandis, since minicuttings treated with this phytoregulator tend to form a more vigorous root system, resulting in better seedlings quality in questions of height, diameter, and dry mass. Thus, the objective of this study was to evaluate the effect of different concentrations of IBA in the survival in greenhouse, shade house, and full sun, as much as root vigor and quality of Tectona grandis seedlings.
MATERIAL AND METHODS
The study was carried out in the nursery of Floresteca SA, located in the municipality of Rosário West, Mato Grosso State, Brazil, from the period of March to July 2016. According to the classification of Köppen-Geiger, the climate of the region is type Aw (tropical climate with dry winter season). The annual rainfall average is 1400 mm, with an annual temperature average of 26.5°C in the summer and 22.5°C in the winter (ALVARES et al, 2013) .
Constitution and management of the clonal minigarden
As a source of propagules for minicuttings, micropropagated mini-stumps with one year and three months of age were used. The genetic material used came from selected genotypes in commercial plantations in Brazil.
The clonal minigarden of T. grandis was installed in a greenhouse with an average temperature of 35ºC and relative humidity of 45%. The mini-stumps were placed in 10 x 10 cm spacing in fiber cement boards with asbestos 20 x 1 m (length x width), filled with gravel at the bottom and washed sand of medium particle size (0.10 mm < particle diameter < 0.25 mm) at the top of the minigarden.
Moreover, the minigarden's nutritional solution was applied by an automated drip fertigation system, activated twice a week, in which each mini-stump received 100 mL per application. In this way, the nutrient solution was composed of calcium nitrate (0.08 mg L¹), ammonium nitrate (0.07 g L¹), magnesium sulfate (0.06 g L¹), potassium chloride (0.29 g L-1), zinc sulfate (0.004 g L-1), manganese sulfate (0.001 g L¹), sodium molybdate (0.001 g L¹), boric acid (0.001 g L¹), copper sulfate (0.011 g L¹), and ferrous sulfate (1.3 g L¹). The irrigation of the minigardem was performed by an aspersion system, activated every 30 seconds.
Collection of sprouts and preparation of minicutings
To preserve the turgidity condition of the plant tissue, the sprouts were conditioned in a container with water until the preparation of minicuttings, application of the treatments, and planting. This period was up to 15 minutes. Harvesting was carried out in the morning, in order to avoid the loss of humidity from the sprouts.
After the collection of the sprouts in the clonal minigarden, the minicuttings were prepared with 7.0 ± 1.0 cm without the removal of the apical bud. In the basal region, the bevel cut was performed, maintaining two pairs of leaves reduced to 25% of their original size, avoiding, then, the excess of transpiration and the difficulty of reaching the substrate (Figure 1) . FLORESTA, Curitiba, PR, v. 49, n. 3,  
Application of different concentrations of IBA and planting minicuttings
In order to evaluate the effect of IBA on rooting, root vigor and seedling quality, the treatments used were 0.500, 1000, 1500, and 2000 mg L -1 , being these concentrations defined based on their usability and success in other forest species and production companies of T. grandis seedlings. The application of auxin was via talc, placing a small portion at the base of the minicut. For the preparation of IBA, a high precision balance was used for weighing the phytorregulator and neutral talc, then adding one liter of 98% alcohol, the conversions were made for each concentration.
After application of IBA, minicuttings were staked in 55 cm³ plastic tubes, filled with Tecnomax The minicuttings, after planting, were conditioned in greenhouse (GH) covered with transparent polyethylene and nettled shade with 50% reduction of luminosity in the ceiling, average temperature of 37.5°C, relative humidity of air superior to 85%, and irrigation by micro aspersion system activated every 30 minutes for 20 seconds in the first week and from the second week on, every 45 minutes for 20 seconds, remaining in this environment for 30 days.
For acclimatization, the seedlings were transferred to shade house (SH) covered with nettled shade 50% reduction of luminosity in the walls and ceiling and irrigation by micro aspersion every six hours for five minutes, in which it remained for 20 days. Subsequently, they were allocated in the growth site in full sun (FS) for 15 days and irrigated by asperse twice a day for 15 minutes.
Effect of IBA on survival, root vigor and seedling quality
The percentages of minicuttings survival at the exit of the greenhouse (EGH), shade house (ESH) and full sun (EFS), 30, 50 and 65 days after planting, respectively, were evaluated. The minicuttings were considered as alive when they maintained a green coloration, with or without new sprouts.
After exiting the greenhouse, the minicuttings root vigor was evaluated, randomly extracting five plants per replicate. The number of roots (NR), total length of primary roots (cm) (TLR) and length of the largest primary root (cm) (L>R) were measured using a millimeter ruler.
To evaluate the quality of the seedlings produced at 65 days after planting, at the time of exiting the seedlings from the full sun area, biometric variables were measured: shoot area height (cm) (H), stem diameter (mm) (D), root dry mass (RDM), aerial dry mass (ADM) and total dry mass (TDM) (mg plant -1 ). For the calculation of seedling quality index, the ratio between shoot area height and stem diameter (H/D) was used.
To measure the diameter and height, a digital caliper (accuracy of 0.01 mm) and a millimeter ruler were used, respectively. To quantify the dry mass, a forced air circulation oven was used at 105 o C for 48 hours. 
Experimental design and statistical analysis of data

RESULTS
Regarding the root analyzes, root number, total length of primary root, survival at the exit of greenhouse, shade house and area in full sun, there was no significant difference between the different concentrations of IBA, with averages of 1.70; 6.46 cm, 96.27%, 90.93%, for, respectively, NR, TLR, EGH, ESH and EFS (Table 1) . For the largest primary root length, it was observed a significant effect (p <0.05) of IBA concentrations (Figure 2) , with the best result being a concentration of 500 mg L -1 at 2.91 cm.
Tabela 1 -Análise de variância para sobrevivência na saída da casa de vegetação (SSCV), saída da casa de sombra (SSCS) e saída a pleno sol (SSPS), número de raízes (NR), comprimento total de raízes (CTR), comprimento da maior raiz (C>R) em função das concentrações de AIB, em um clone de Tectona grandis Linn F. Caption: ns = non-significant at 5% probability by the F test; * = significant at 5% by the F test.
Regarding the quality of the seedling (Table 2) , it was verified that higher concentrations of IBA (2000 mg L -1 ) favored the increment of root dry, aerial and total mass. Nonetheless, for height and ratio between shoot height and stem diameter the concentration of 1500 mg L -1 obtained better results, with 6.79 cm and 1.22, respectively (Figure 2 ). Only the variable diameter of the stem (D) did not present a significant difference, obtaining an average of 0.56 cm (Table 2) .
Tabela 2 -Análise de variância para qualidade da muda nas variáveis: altura (H), diâmetro do colo (D), razão entre altura da parte aérea e diâmetro do colo (Ht/D), massa seca radicial (MSR), massa seca parte aérea (MSA) e massa seca total (MST), em função das concentrações de AIB, em um clone de Tectona grandis Linn F. It should be emphasized that it was not possible to estimate the dose of maximum technical efficiency, since it was not obtained an inflection point in the curves within the limits of the treatments.
DISCUSSION
Regarding survival, the results found in this study corroborate with that observed by Badilla et al. (2016) in T. grandis, and with Oliveira et al. (2016) in H. heptaphyllus, IBA does not influence the survival of minicuttings.
The high survival rates with a mean of 91.5% in all stages of seedlings production may be associated with the youthfulness of the vegetative material used (HARTMANN et al., 2011; WENDLING et al., 2014) , inasmuch as the mini-stumps were one year and three months old and micropropagated. According to Husen (2011) , T. grandis decreases survival percentage in the minicutting according to the age of the donor plant. They advise matrices of up to 4 years old in order to achieve high survival and rooting, even though applying IBA in minicuttings originating from matrices with more than 15 years of age (HUSEN; PAL 2007b) .
The high GH survival (96.27%) ( Table 1) shows good nutritional conditions of the mini-stumps, which is resulted from adequate management in the clonal minigarden (XAVIER et al., 2013) and in GH, SH and FS. It corroborates with the findings of Moraes et al. (2014) , in which nebulized environment with humidity control showed better survival percentages for Toona ciliata M. Roemer. Additionally, it can also be inferred that the endogenous hormonal balance of the minicutting was sufficient to induce root emission, without the need for exogenous application of IBA, favoring, then, good survival results.
The water restriction does not cause significant losses in the survival of seedlings in T. grandis, because it presents a stomata high sensitivity, closing them and thus reducing its leaf area (MATOS et al., 2018) . However, in this study there is a decrease in survival values in GH, SH and FS (Table 1) , a fact also observed by Badilla et al. (2016) for T. grandis in the passage of GH and SH seedlings, 95.37% and 89.93% respectively, and Meza et al. (2015) 87.5% in GH and 69.39% in SH.
In relation to the root vigor (Table 1) , only the L>R was significantly different, with the highest results at the concentration of 500 mg L -1 (Figure 2) . A similar result to that found by Oliveira et al. (2015) in H. heptaphyllus 474 FLORESTA, Curitiba, PR, v. 49, n. 3, jul (mean of 24.7 cm TLR and 5 NR), in which IBA did not influence the length and number of primary roots, only the number of secondary roots.
For other authors PAL, 2007a; MEZA et al., 2015) , higher results were obtained with IBA application in T. grandis for variables related to root vigor. The necessity of phytorregulator applications depends mainly on the genetic material and degree of youthfulness of the propagule (HARTMANN et al., 2011) . In the case of T. grandis, the number of roots under the IBA application conditioner is influenced by the age of the propagule plant doner (HUSEN; PAL, 2007b) .
Moreover, regarding the seedling quality at the time of shipment, the diameter was the only variable that did not present a significant difference, behaving in an expected way, since the plants invest first in the height growth, to later expand the diameter. The homogeneity of the diameter between the seedlings of all treatments can be verified by checking the low value of the coefficient of variation (2.79%). The authors Badilla et al. (2016) and Fernandes et al. (2015) also observed in T. grandis that the diameter was not affected when subjected to different concentrations of IBA.
For the other variables Ht, Ht/D, RDM, ADM and TDM, the application of IBA presented a fundamental role for seedling quality, considering that for the dry matter the concentration of 2000 mg L -¹ obtained higher values (Figure 2 ). In general, it can be seen in the graph (Figure 2) , except for L>R, the growth of the polynomial curve according to the increase of IBA concentrations, which, therefore, explains the impossibility of finding the maximum technical efficiency dosage within the concentrations tested.
Furthermore, it can be inferred that with the increase of IBA concentrations, a root system is obtained with greater vigor, considering the amount of secondary roots and diameter of the primary roots, facilitating, as a result, the uptake of water and nutrients from the substrate and consequently a better aerial development. In the same way as the positive correlation between the amount of secondary roots and IBA concentration in stakes of H. heptaphyllus (OLIVEIRA et al., 2015) .
According to Hartmann et al. (2011) , among the main biological functions of auxins, it is possible to cite their influence on growth and especially for T. grandis it was pointed out in the root segment, being observed in the L>R, and in the increase of dry mass to detriment of the best root system. In this way, the supply of exogenous IBA promoted a hormonal alteration, contributing to increase the synthesis of carbohydrates, which are the main source of energy available to the root development and can represent up to 75% of the dry mass in woody species (LATT et al., 2001) . Pacheco and Franco (2008) highlight that stakes treated with IBA promote an increase in root length and may be related to changes in the extensibility of the cell wall by the activation of the protein called expansins. Therefore, these, to be activated, depend on the action of auxins on H+-ATPases proteins of the plasma membrane, the ones which increase the activity in the presence of auxins (TAIZ; ZEIGER, 2004) .
As observed by Husen and Pal (2007b) in a study developed with T. grandis, it was found higher levels of carbohydrates and proteins in stakes treated with IBA and NAA (naphthalene acetic acid) originated from matrices of seminal origin with 2 months of age. According to these authors, carbohydrates, mainly sugars and starches, are mobilized by hydrolytic enzymatic activity, being translocated to the rooting region of the stake, where they will be used to provide the energy necessary for cell division and differentiation, preceding the appearance of roots.
Thus, based on the results of this study, the IBA promoted crucial importance for good seedling quality, being expressed by increased dry, aerial and total dry mass gain. Forest plantations present better survival and establishment rates the larger the root system and, consequently, the better aerial development, facilitating the photosynthetic activity.
CONCLUSION
• For the concentrations of IBA used, the phytorregulator does not interfere in the root vigor referring to total root length and number of roots.
• The concentration of 500 mg L -1 provides higher primary root growth.
• The use of IBA does not influence survival in all stages of seedling production, however, it provides the formation of seedlings with better physiological and morphological quality.
Greater dry mass accumulation is obtained with the use of IBA 2000 mg L -1 .
